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Summary 
Purpose: Salt intake among children in Switzerland is unknown. The objectives of this study were to 
determine salt excretion and to identify the main dietary sources of salt intake among children in one 
region of Switzerland.  
Methods: We conducted a cross-sectional study using a convenient sample of children 6-16 years of 
age in Valais, Switzerland, between 2016 and 2018. All children visiting several regional health care 
providers and without any clinical condition that could affect sodium intake or excretion were eligible. 
Each child completed a 24-hour urine collection to assess salt excretion and two dietary questionnaires 
to assess dietary sources of salt intake. Weight and height were measured. 
Results: Data was available on 94 children (55 boys and 39 girls; mean age: 10.5 years; age range: 6-
16 years). The mean 24-hour salt urinary excretion was 5.9 g (SD: 2.8; range: 0.8-16.0; 95% confidence 
interval (CI): 5.3-6.5). Two thirds (62%) of the children had salt excretions above recommendations of 
maximum intake (i.e., ≥2 g per day for children up to 6 years of age  and ≥5 g per day for children 7-16 
years of age). The salt excretion tended to be higher during the weekend (6.0 g, 95% CI: 5.4-6.6) than 
during the week (5.4 g, 95% CI: 4.3-6.7). The main sources of salt intake were pastas, potatoes, and 
rice (23% of total salt intake), pastries (16%), bread (16%), and cured meats (10%). One child out of 
three (34%) added salt to their plate at the table. 
Conclusions: Salt intake in children in one region of Switzerland was high. Our findings suggest that 
salt intake in children could be reduced by lowering salt content in commonly eaten foods.  
Trial registration number: NCT02900261  
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Introduction 
High salt intake has been estimated to cause 1.65 million deaths from cardiovascular diseases per year 
[1], mainly due to its effect on blood pressure. High salt intake has been associated with elevated blood 
pressure in adults [2-4], as well as in children [5]. There is also growing evidence that blood pressure 
tracks from childhood to adulthood [6-9] and that elevated blood pressure can cause vascular damage 
starting at a young age [8,9]. Moreover, childhood and adolescence are key periods of an individual’s 
life during which dietary habits are formed [10]. This suggests that limiting salt intake already during 
childhood has the potential to prevent lifelong hypertension and its associated consequences [11,12]. 
Assessing the level of salt intake in children has therefore clinical and public health relevance. 
Worldwide, adults consume approximately 10 g of salt (i.e. sodium chloride, NaCl) per day [1], which 
is far above the maximum of 5 g recommended by the World Health Organization [13]. In a national 
survey conducted in Switzerland among 1’448 adults in 2010-2011, the 24-hour urine excretion of salt 
was 10 g in men and 8 g in women [14]. Very few data on salt intake exists among children worldwide 
[15]. In Switzerland, the salt intake in children is unknown. One reason for this lack of information is 
notably the difficulty of assessing salt intake. The gold standard method to estimate salt intake is to 
measure sodium excretion in a 24-hour urine collection [16-18], which is however challenging to 
perform, especially in children [19-21].  
Taking advantage of a study in which a 24-hour urine sample was collected, we determined the salt 
excretion and identified the main dietary sources of salt intake among children aged 6 to 16 years old 
in one region of Switzerland.  
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Materials and methods 
Study design 
This study was cross-sectional with a convenient sample of outpatient children between 6 and 16 years 
of age. All children visiting various regional health care providers were eligible. Children with any 
conditions potentially altering the consumption and excretion of sodium (e.g., chronic renal diseases), 
taking medication that alters sodium excretion (e.g., diuretics), intravenous infusion during data 
collection, or insufficient knowledge of the local language were not eligible. Children were recruited at 
the Hospital of Valais, Sion, Switzerland, and at several pediatric and primary care facilities in Valais, 
Switzerland. The primary goal of this study was to compare 24-hour urine collections with urinary spots 
to estimate sodium excretion in children (see ClinicalTrias.gov, study number: NCT02900261). The 
secondary goal of this study, and the topic of this paper, was to assess salt excretion and intake in a 
sample of children in Switzerland.  
Data collection 
Upon enrolment, the children, in a non-fasting state, were weighed with a weighing scale and measured 
with a wall mounted stadiometer in light clothes and without shoes by a trained nurse or research 
assistant. Blood pressure was measured in a calm and temperate room, after 3 minutes of seated rest, 
on the right arm, and with an appropriate sized cuff. Blood pressure was measured up to 3 times.  
The participants received all the material for the urine collection, which they did at home on the day of 
their choice. In order to ensure a complete collection, written and oral instructions were given to the 
participants and their parents and special collection pots were provided. The 24h urine collection started 
on the evening of day 1. The participants emptied their bladder before going to bed, discarded the urine 
and noted the time as the start of the collection. The collection was then conducted for 24 hour until the 
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evening of the day 2. All urine samples were collected in the same container. Children and parents were 
instructed to store the urine samples in closed containers in the fridge between 4 and 8°C. Urine samples 
were kept at home no more than 2 days before being brought to the laboratory where urine samples 
were immediately placed in a freezer at -20°C until analysis. The sodium and creatinine levels and the 
volumes of the urine samples were measured at the Sion Hospital laboratory. Sodium concentration was 
measured with ion-selective electrodes and creatinine concentration with the Jaffe colorimetric method 
[22], using a CobasÒ 501 analyzer.  
The parents completed a short questionnaire on the socio-demographic situation of the family. The 
children, with the help of their parents if necessary, completed two non-quantitative (i.e. without portion 
sizes) food frequency questionnaires, on the day prior (day 1) and on the day of (day 2) the 24-hour 
urine collection. The questionnaires contained foods and dishes commonly eaten in Switzerland and 
were adapted from previously used questionnaires [7,23,24] (see Supplementary Material S1). As a 
small percentage of salt intake is excreted in sweat [25-27], the questionnaires also assessed physical 
activity during the urine collection. The questionnaire was pre-tested with two children to ensure that 
the questions were well understood. 
Ethical considerations 
The survey protocol was approved by the Ethics Committee of Canton de Vaud, Switzerland (CER-
VD, identification number: 2015-01178). Written consent was obtained from one of the parents (or 
legal guardian) and oral consent of the child. For children above 14 years of age, written consent of the 
child was obtained in addition. All children in the study received a backpack, a watch and a pen to thank 
them for their participation. 
  
6 
 
Calculations 
The 24-hour urinary salt excretion was calculated by multiplying the sodium (Na) concentration 
(mmol/L) in the 24-hour urine sample by 0.0575 to transform to salt (NaCl) concentration (g/L), and 
then multiplying it with the volume of the 24-hour urine collection (L) and by the duration of the 
collection (as a fraction of 24 hours) to obtain the total salt (NaCl) excretion in the 24-hour urine sample 
(g/day). Similarly to the 24-hour salt excretion, the 24-hour creatinine excretion was calculated by 
multiplying the creatinine concentration (mmol/L) in the 24-hour urine sample by the total volume of 
the sample (L) and by the duration of the collection (as a fraction of 24 hours). A 24-hour creatinine 
excretion of less than 0.1 mmol per kg of body weight per day was considered an indication of 
incomplete 24-hour urine collection [28]. The 24-hour creatinine excretion of incomplete urine 
collections were corrected to correspond to 0.1 mmol creatinine per kg of body weight per day. The 24-
hour salt excretion of these incomplete collections was adjusted using the same correction factor.   
Statistical analysis 
Analyses were conducted to assess how sex, age, weight status, nationality, parents’ education, 
completeness of 24-hour urine collection, day of the week of the collection and physical activity level 
during the collection were associated with the 24-hour salt (NaCl) excretions. Following 
recommendations published in Switzerland [29], a 24-hour urine salt excretion below 1 g was 
considered as low and a 24-hour urine salt excretion above 2 g for children of 6 years of age and above 
5 g for children between 7 and 16 years of age was considered as high. 
Salt (NaCl) intake was estimated using the average estimates from the two questionnaires on the day 
prior to and on the day of the urine collection. The amount of salt (g) provided by each food category 
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mentioned in the questionnaire was based on the salt concentrations (g per 100 g food) in the Swiss 
Food Composition database [30] and the usual portion sizes in Switzerland [31].  
Body mass index (BMI) was calculated by dividing weight (kg) by the squared height (m). BMI z-
scores were based on the reference values from the 2000 Centers for Disease Control and Prevention 
(CDC) [32] and a score equal or above 1 was considered as overweight. Results are presented as 
percentages, means, standard deviations (±SD) and 95% confidence interval (95% CI). Salt excretion 
and intake from the urine collection and the questionnaires were compared using the Pearson 
correlation. Statistical analyses were conducted with R (version 3.3.1) and R Analytic Flow (version 
3.0.6).  
Results 
Participants characteristics 
A total of 101 children were recruited between September 2016 and February 2018 and 94 were able to 
collect a 24-hour urine sample. The characteristics of these children are shown in Table 1. The 
characteristics did not differ between boys and girls. Out of the 94 children with a 24-hour urine 
collection, 8 had an incomplete 24-hour collection according to the creatinine excretion in the 24-hour 
urine sample.  
Salt excretion 
The mean salt excretion in the children was 5.9 g per day (SD: 2.8; range: 0.8-16.0; 95% CI: 5.3-6.5). 
Almost two thirds of the children (62%, n=58) had salt excretion above the age-specific 
recommendations. The salt excretion distribution is shown in Figure 1 and the salt excretions by sub-
groups are shown in Table 2. Children of male sex, older age, non-Swiss nationality, and with parents 
with higher education tended to have higher salt excretions. Salt excretion was lower in creatinine-
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corrected incomplete 24-hour urine collections than in complete urine collections (3.0 g, 95% CI: 1.1-
5.0 versus 6.1 g, 95% CI: 5.5-6.7). Most of the 24-hour urine samples were collected during the week-
end (77.7%), and 24-hour urinary salt excretions tended to be higher in collections during week-ends 
days than in collections during week days (6.0 g, 95% CI: 5.4-6.6, vs 5.5 g, 95% CI: 4.3-6.7). Physical 
activity was not associated with 24-hour urinary salt excretion. 
Questionnaires 
The salt intake estimates from the dietary questionnaires were higher than the salt excretion measured 
in the 24-hour urine collection (24-hour urine: 5.9 g, 95% CI 5.3-6.5; questionnaire day 1: 6.8 g, 95% 
CI 6.3-7.2; questionnaire day 2: 6.7g, 95% CI 6.2-7.2; average of questionnaires days 1 and 2: 6.7 g, 
95% CI 6.3-7.1). The correlation between the 24-hour urine salt excretion and salt intake estimated 
from the questionnaires was relatively low (r=0.25). 
The main sources of salt intake are shown in Figure 2. The four food groups that provided the most salt 
to the diet were: 1) cooked (and salted) pastas, potatoes, and rice (1.4 g salt/day, 23.2% of total salt 
intake); 2) pastries (1.0 g salt /day, 16.3% of total salt intake); 3) bread (1.0 g salt/day, 16.2% of total 
salt intake); and 4) cured meats (0.6 g salt/day, 10.3% of total salt intake).  
Over the two days of data collection, 33.7% of the children added salt to the table, 17.8% ate at a 
restaurant, 5.0% ate at a fast food restaurant, and 19.8% ate ready-to-eat dishes. Children who added 
salt to the table tended to have higher 24-hour salt urinary excretion than children who did not (6.1 g, 
95% CI: 5.2-7.0, vs 5.6 g, 95% CI: 4.9-6.2), as well as children who ate at a restaurant (6.5 g, 95% CI: 
5.5-7.6, vs 5.5 g, 95% CI: 4.9-6.1), and those who ate ready-to-eat dishes (6.6 g, 95% CI: 5.6-7.7, vs 
5.5 g, 95% CI: 4.9-6.1). 
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Discussion 
Summary of findings 
To our knowledge, this study is the first to assess salt excretion in children in one region of Switzerland 
using the golden standard, i.e., a 24-hour urine collection. The salt excretion in our sample of children 
was high with a majority of children above intake recommendations. The main sources of salt intake 
were pastas, potatoes and rice, pastries, bread, and cured meats.  
In Europe, there is little data on the salt intake in children, but the few available studies suggests that 
intake is high, similarly to adults [33]. In Spain, a study conducted in 2014 with 205 children aged 7-
11 years old and using 24-h urine collections showed a salt intake of 7.8 g per day [34]. In Portugal, a 
study conducted in 2014 among 163 children between 8 and 10 years of age who collected a 24h urine 
sample showed a salt intake of 6.6 g per day [35]. In Italy, a study included 1424 children between 6 
and 18 years of age in Italy who collected a 24h urine sample and found a salt intake of 7.1 g per day 
[36]. In Austria, a study conducted in 2010-2012 among 392 boys and girls between 7 and 14 years of 
age with casual urinary spots showed a salt intake of 6.2 and 7.1 g per day, respectively [37]. In the 
United States, using data from 2’142 children 6-18 years to the 2011-2012 NHANES survey, based on 
a 24-hour diet recall, the salt intake was 8.1 g per day [38]. In Switzerland, a national nutrition survey 
conducted in 2010-2011 among adults showed that salt excretion was on average 9.9 g salt per day [14]. 
In our study, the salt excretion of children aged 6-16 years was 5.9 g per day, which is lower than in 
Swiss adults, and which is probably lower than the actual salt intake in the general Swiss population of 
children.  
Our analysis of salt intake derived from various foods using a non-quantitative food frequency 
questionnaire showed that there is, on one hand, foods that contain high concentration of salt, but that 
are consumed in relatively small amounts, and, on the other hand, foods that contain low-moderate 
  
10 
 
concentrations of salt, but that are eaten in large amounts. In our study, the food items with the highest 
salt concentration were cured meats, processed fish, cheese, pastries and bread, similarly to other 
European countries [39,40]. In contrast, the foods that provided the largest amount of salt to the diet in 
our study were cooked (and salted) pastas, potatoes, and rice; pastries; bread, and; cured meats. This is 
similar with findings from other countries in Europe [41], where, despite regional and cultural 
differences, the foods that provide the highest amounts of salt are grain-based products (including 
bread), meat products, and dairy products [41]. Our findings suggest that, in order to reduce salt intake 
in children in Switzerland, salt content should not only be reduced in foods with high salt 
concentrations, but also in foods with moderate salt concentrations that are eaten in large amounts, such 
as bread and pastries. 
There are two key strategies to reduce sodium intake at the population level: 1) voluntary or mandatory 
reformulation strategies to reduce salt content of foods and 2) education and behavior change 
communication of consumers [42]. Reformulation policies to reduce salt in manufactured foods can be 
highly cost-effective [43]. In our study, salt intake was provided mainly from commonly eaten foods, 
suggesting that to reduce salt intake in children voluntary or mandatory reformulation strategies to 
reduce the salt content of these foods would be advisable. Between 2008 and 2016, voluntary 
reformulation was already used in Switzerland to progressively reduce by 16% salt in breads [44]. This 
strategy could be used again to further reduce salt content of breads and expanded to other commonly 
eaten foods. In addition, the support of behavior change campaigns and consumer education would be 
beneficial. 
Strengths and limitations 
The main strength of our study is that salt excretion was estimated using 24-hour urine collection. The 
completeness of the urine collections was assessed and incomplete collections were corrected. In 
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addition, a dietary questionnaire was completed on the day prior to and of the urine collection, allowing 
the determination of main sources of salt intake in the sample in the same children in parallel to the 
urine collection.  
Our study has however several limitations. First, selection of participants was based on convenience 
sampling and in a selected region of Switzerland. Indeed, the study was not primarily designed to 
estimate the salt intake among children in Switzerland. To estimate salt intake with more confidence at 
a regional or national level, we recommend to conduct a larger study using a population- or school-
based sampling. Second, our study might have over- or under-estimated the actual salt intakes and 
excretions. Over-estimation of salt excretion could have been caused by the fact that the urine collection 
was often done during the week-end (79%) and that the excretion during week-end days tended to be 
higher than during week days. Under-estimation was more likely due to several reasons, such as, 
measurement bias (salt urinary excretion is equal to 80-95% of the salt intake [45-47]), participation 
bias (people who are willing to participate in nutrition studies tend to be more health-conscious than 
those who do not and therefore possibly consume lower amounts of salt), and the Hawthorne effect 
(participants might have reduced their salt intake during the urine collection as they knew that salt 
excretion was going to be measured). To more precisely quantify the bias in the estimates, a quantitative 
bias analysis would be warranted [48]. However, this is beyond the scope of this paper. Third, there are 
limitations with the questionnaire. The salt content of the foods were not measured directly, but were 
taken from the Swiss Food Composition Database [30]. Moreover, the salt intake estimates from the 
questionnaires could also have been over-estimated, since the portion sizes were not recorded, but based 
on the standard portion sizes in Switzerland for adults [31], which are probably bigger than the portions 
eaten by the children in our study. The correlation between the sodium intake estimates from our 
questionnaire and from the 24-hour urine collections was low (r=0.25), yet close to correlations found 
between salt excretion and salt intake estimates from food frequency questionnaires in adults [49]. This 
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low correlation could also be explained by a reporting bias (i.e. difference between actual intake and 
reported intakes), as well as infradian fluctuations in urinary salt excretion that happen even at constant 
salt intake [47]. In addition, the salt excretion was estimated based on only one 24-h urine collection. 
Repeated 24-h urine collections would have been better to have more confidence in our estimates [50].  
Finally, the way we have defined high salt intake (i.e. ≥2 g per day for children between 1 and 6 years 
of age and ≥5 g per day for children above 7 years of age) was arbitrary, following local 
recommendations published in Switzerland [29]. This definition is nevertheless in-line with the 
maximum of 5 g/day recommended for adults by the WHO [13], at least  for children between 7 and 16 
years of age. There are several recommendations for salt intake in children (see Supplementary Material 
S2) and there is no universal consensus about optimal or high salt intake in children [51]. 
Recommendations are indeed based on expert opinions but not on high quality evidence. In efforts to 
determine the optimal intake of various nutrients, including sodium, based on scientific evidence, the 
European Food Security Authority (EFSA) is currently conducting a review of the evidence [33].  
Conclusions 
The salt intake in a sample of children in one region of Switzerland was high. Limiting salt intake 
starting in childhood could help for the primordial prevention of hypertension and cardiovascular 
diseases. As dietary habits are formed in large part during childhood, it is important to accustom 
children to lower salt intake early on. Reducing salt content of selected frequently eaten foods, such as 
bread, could be one strategy to reduce salt intake in children in Switzerland.  
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Captions of tables and figures 
Table 1 Characteristics of the participants with complete 24-hour urine collection (n=94) 
Characteristics Means or Percentages SD Range 
Age (years) 10.6 2.9 6-16 
Female (%) 41.5% - - 
Height (cm) 142 17 113-186 
Weight (kg) 36.2 14.2 17.4-88.0 
Body mass index (kg/m2) 17.4 3.8 12.5-37.2 
Overweight (%) 16.0% - - 
Systolic blood pressure (mmHg) 109 13 75-142 
Diastolic blood pressure (mmHg) 62 10 40-99 
Swiss nationality (%) 89.1% - - 
Parent with tertiary education (%) 66.3% - - 
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Fig. 1 Histogram of 24-hour salt excretion (from 24h urine collection) 
This figure shows the distribution of the 24h salt excretion in our sample. Salt excretions ranged from 
0.8 to 16.0 g per day. The mean salt excretion in the children was 5.9 g per day and ranged from 0.8 to 
16.0 g per day. The majority of the children had a salt excretion above the recommended maximum salt 
intake. Legend: Black line: Kernel density curve; blue line: recommended minimum salt intake (i.e. 1 
g per day); red line: recommended maximum salt intake (i.e. 5 g per day).  
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Table 2 Salt excretion (g/day) in children by sub-group (from 24h urine collection) 
 N Mean SD 95% CI 
All 94 5.9 2.8  (5.3-6.5) 
Sex     
Boys 55 6.4 3.1  (5.6-7.3) 
Girls 39 5.1 2.0  (4.5-5.8) 
Age     
Young (6-11 years) 65 5.5 2.6  (4.9-6.1) 
Old (12-16 years) 29 6.7 3.0  (5.6-7.8) 
Weight     
Normal weight (BMI z-score <1) 79 6.0 2.8  (5.4-6.6) 
Overweight (BMI z-score ≥1) 15 5.4 2.6  (4.1-6.7) 
Nationality     
Swiss (at least one parent is Swiss) 82 5.7 2.6 (5.1-6.3) 
Foreign (none of the parents is Swiss) 10 7.6 3.9  (5.2-10.1) 
Parents’ highest education level     
Tertiary 61 6.2 2.6  (5.5-6.8) 
Primary or secondary 31 5.4 3.1 (4.3-6.5) 
Completeness of 24-hour urine     
Complete (≥0.1 mmol creatinine/kg body weight) 86 6.1 2.8  (5.5-6.7) 
Incomplete (<0.1 mmol creatinine/kg body weight) 8 3.0 1.3 (1.1-5.0) 
Day of the week     
Week-end 73 6.0 2.8 (5.4-6.6) 
Week 21 5.5 2.8 (4.3-6.7) 
Physical activity     
Low (<15 minutes) 42 5.8 2.3 (5.1-6.5) 
Moderate-high (≥15 minutes) 51 5.9 2.8 (5.2-6.7) 
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Fig. 2 Contribution of different food groups to salt intake (from questionnaires) 
This figure shows the contribution of different food groups to total salt intake in g/day and %. The four 
food groups that provided the most salt to the diet were: 1) cooked (and salted) pastas, potatoes, and 
rice (1.4 g salt/day, 23.2% of total salt intake); 2) pastries (1.0 g salt /day, 16.3% of total salt intake); 3) 
bread (1.0 g salt/day, 16.2% of total salt intake); and 4) cured meats (0.6 g salt/day, 10.3% of total salt 
intake). Legend: X-axis: Mean content of salt in foods in g of salt per 100 g of food, according to Swiss 
Food Composition Database [30]. Y-axis: Amount in g per day (left) and percentage (right) of salt 
contribution from the different food groups to the total salt intake.  
 
